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Introduction
Given its importance for welfare analysis and public policy, the general relation between selfreported well-being and personally available income has been widely investigated. A regression of life satisfaction on income using both cross-sectional and panel survey data from a developed country generally shows a significant, positive, but small estimated coefficient of income (e.g. However, a significant amount of evidence suggests that the link between income and life satisfaction is more complex than that. Life satisfaction appears to be monotonically increasing with income when one studies this relation at a point in time across nations (e.g. Deaton, 2008; Stevenson and Wolfers, 2008) . Over time, however, the relation between GDP and life satisfaction appears rather different. In a well-known finding, Easterlin reports no significant relationship between happiness and aggregate income in time-series analysis. For example, the income per capita in the USA in the period 1974-2004 almost doubled, but the average level of happiness shows no appreciable trend upwards. This puzzling finding, appropriately called the Easterlin Paradox (Easterlin, 1974) has been confirmed in similar studies by psychologists (Diener et al., 1995) and political scientists (Inglehart, 1990) , and has been shown to also hold for European countries (Easterlin, 1995) . 2 A recent paper by Proto and Rustichini (2013) finds a positive relationship between growth and satisfaction for countries with a GDP below 15,000 USD but shows that this relationship is flat in richer countries, suggesting a gap between aspiration and realised income.
A potential explanation of the paradox is that individuals adapt to current conditions, and the level of subjective well-being tends to revert to a baseline level depending on a reference point, an idea originally proposed by Brickman and Campbell (1971) . Aspirations are naturally associated with the reference point provided by current income. Hence, to the extent that an increase in income leads to an increase in aspirations, changes in income may not have a longrun effect on subjective wellbeing. 3 Another explanation of the Easterlin Paradox hinges on the concept that relative, rather than absolute income, is the main determinant of life satisfaction, an idea that can be dated back to Duesenberry (1949) . The two explainations are closely related. The rest of the paper is organized as follows. In section 2 we describe the datasets, the main variables (2.1) and the econometric model (2.2) . In section 3 we show the results from the estimation of the econometric model. In section 4 we describe our theory and estimate the structural model (4.1). In section 5 we discuss the main results and conclude. Additional analysis and more technical details are in the appendix.
Data and Methods

Data
We use two national data sets: the British Household Panel Survey (BHPS), covering the We use data on the Big Five personality traits in the 2005 waves of the BHPS and SOEP datasets as measures of individuals' personality for the entire time span that we observe each individual for. argue that personality traits vary little for individuals aged between 18 and 65, the life span we are considering. Our data are consistent with this result since when we regress the personality traits against age and age squared we find that they explain a very small portion of the variance. For example in a regression of neuroticism with age and age 2 , the R 2 = 0.0027 in the SOEP and R 2 = 0.0025 in the BHPS. The effect on all other traits is very similar. Although it is unlikely that this variation can bias our estimates, in our analysis we use the residuals after controlling for the age effects. Accordingly, our results refer to the age-invariant factor of the personality trait, which as we argued above, explains more than 99 percent of the total variance.
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Furthermore, considering the data related to one year rather than time-changing measures generally avoids the problem that the estimation can be biased by short-term fluctuations that contemporaneously affect income, life satisfaction and personality. A final concern might be related to some external shock that permanently changes personality, income and life satisfaction. In this respect, Cobb-Clark et al. (2011), using data from two separate waves of the 5 Our estimates are generally robust to the inclusion of the raw data instead of the residuals. Life satisfaction. In the BHPS, the life satisfaction question is: "How dissatisfied or satisfied are you with your life overall?" and it is coded on a scale from 1 (not satisfied at all) to 7 (completely satisfied). In the SOEP, the questions is "We would like to ask you about your satisfaction with your life in general", coded on a scale from 0 (completely dissatisfied) to 10 (completely satisfied).
We present the percentage of responses in each category for both datasets in figure 
Econometric Specification
We use a quadratic specification for a model linking income to life satisfaction because we are interested in analyzing how prsonality traits influence the concavity of this relation. In order to avoid the excessive weight given to outliers by this specification, we exclude from the sample the top and bottom 1 percent of observations. Excluding observations in the two tails of income distribution is standard in this literature.
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In particular, we estimate the following model:
6 This avoids possible biases from introducing a subjective variable in the RHS of a happiness equation. 7 When an individual is recorded as unemployed for employment status, she is recorded with 0 hours worked, and he/she is recorded as unemployed also in occupation types.
In equation (1), i represents the individual and t the year of the survey, h it is life satisfaction and y it household income. The individual fixed effect is described as Λθ i + i , where
with N = N euroticism, E = Extraversion, C = Conscientiousness, A = Agreeableness, O = Openness, M = M ale and i is the individual specific random effect. The terms
it represent the interaction of a personality trait index with the income variables. The vector z it consists of time-changing individual characteristics. The variable η t denotes a year (and wave) fixed effect and e it is random noise.
Results
Figures 1 and 2 display the residuals of life satisfaction -after controlling for age, age 2 , gender and the five personality traits, as a function of income residuals after controlling for the same variables, in the UK and Germany respectively. From the two panels in figure 1 , we note that for individuals with a high neuroticism score, the curve is more concave, while for those with low neuroticism this relation is almost linear. Furthermore, in both countries the relation is steeper for high neuroticism scores with respect to low neuroticism scores in the region of the graph corresponding to lower incomes, while it is flatter for high neuroticism scores with high income. Finally, we note from the graphs in figure 2 that no other trait has such a clear effect on the relation we are analyzing.
The panels in Figures 1 and 2 are based on data pooled across waves. To exploit the longitudinal nature of our dataset by taking into account individuals' heterogeneity and to exclude the role of omitted variables, we estimate a number of econometric models controlling for a large number of potentially confounding factors. We estimate model (1) by OLS estimation and report the results in table 3, where in order to take into account possible heteroscedasticity, we cluster the standard errors at the individual levels. 9 The table shows that in both datasets neuroticism is the only one of the five personality traits to affect the relation between income and life satisfaction, and in a qualitatively similar way. No other trait significantly interacts in the relationship between income and life satisfaction. Furthermore, both in Germany and in the UK, the usually observed marginal decreasing effect of income on life satisfaction is entirely mediated by neuroticism. Once the interacted term is taken into account, either there is no effect of income on life satisfaction or this effect becomes convex as in column 2.
A possible concern is that the random effect estimator is not consistent due to the fact that i is correlated with the other regressors. We therefore estimate an equation similar to model 1 with individual fixed effects. The results are reported in table 4. Finally, we further interact the terms neuroticism*income with a male dummy. From table 6 we note that for males neuroticism affects the relation between income and life satisfaction more strongly than for females. In other words, the concavity of this relation, due to the neuroticism, is stronger among males.
Why do we observe this strong effect of neuroticism in modulating the relationship between income and life satisfaction? Neuroticism is linked to higher sensitivity to negative emotions like anger, hostility or depression (e.g. Clark and Watson, 2008) , and is associated with structural features of the brain systems associated with sensitivity to threat and punishment. For this reason, modern studies identify this personality trait with sensitivity to negative outcomes, threats and punishments (see DeYoung and Gray (2010) for a recent survey). It is therefore reasonable to assume that people with higher neuroticism experience higher sensitivity to losses or failure to meet their expectations, an effect similar to loss aversion in the prospect theory.
In the next section, we will therefore derive an explanation of the effect of neuroticism we see in figure 1 and tables 4 and 6 by estimating a prospect theory-based model.
We will assume that neuroticism modulates the effect of the gap between aspired and realized income and we show that, when aspirations are not observed, neuroticism appears to decrease the elasticity between income and life satisfaction for high income levels and to increase this elasticity for lower income levels, as observed in this section. Furthermore, our model below will also explain why personality traits underlying motivation, like conscientiousness, openness and extraversion (see e.g. DeYoung and Gray 2010) do not have an effect on the way income 8 affects life satisfaction, but they significantly affect income.
A model of life satisfaction, income and personality
To better understand the relation presented in the previous section between happiness, income and personality, we present a simple structural model based on the insights deriving from the theories of personality traits that we outlined above. We show that this model is able to produce an equation similar to equation 1 as a reduced form and we estimate this model. We then interpret the coefficient of the estimation in the light of the underlying structural model.
The terms e it ; u it ; v it are error terms. The model has three equations. The dependent observable variables are household income y it and life satisfaction h it . The dependent latent variable is the desired income for any individual i at time t and is denoted by a it . We assume that the aspiration to an income, a it induces (through effort, persistence, and confidence) a real level of income that is increasing in the aspiration level. Thus the Level of income depends on the desired income as follows:
Let α 2 > 0 and β 2 ∈ (0, 1), so that the aspiration to an income a it induces (through effort, persistence, and confidence) a real level of income that is increasing in the aspiration level, but at a rate smaller than 1. Individuals with low aspirations on average overshoot by earning more than aspired. The linear form is for convenience: what is essential is that the relationship is monotonic and has decreasing returns.
We summarize the argument in the following hypotheses: (i) higher motivation produces aspiration to higher income, and hence to higher realized income; (ii) high aspirations are necessary to become rich, but the higher they are, the more likely it is that they go unfulfilled.
The effect of aspiration on realized income therefore occurs at a decreasing rate. This is a standard assumption. To illustrate it, consider the search for the "aspired" occupation. An individual searching for the occupation may set a minimum level of earnings to be reached before he or she stops searching. The higher the aspiration level the higher the final earnings will be, everything else being equal, although perhaps at a later date. Increasing aspirations may increase realized income, but, only up to a point: if they are too high they will never be fulfilled even after a long period of searching. Note that this applies to different job statuses: for a self-employed individual the right occupation can be found in a new project; for an employee, the right occupation can be a promotion or a new position; for an unemployed individual or somebody in search of a new occupation this is a new job; for a capital owner this can be the right investment. Furthermore, we also note that the interpretation of this model can also be extended to the marriage market, as representing the search for the right partner.
Using equation 3, it is possible to argue that this implies that the rich fail to meet their aspirations on average more than the poor. In other words, the rich under shoot in their aspirations on average more than poorer individuals.
A crucial assumption is that an individual's sensitivity to the gap between aspired and realized income depends on his/her personality. As mentioned above, recent literature in psychology views neuroticism as sensibility to negative outcomes. Ex-post, individuals perceive the negative gap between real and aspired income as a negative outcome, and the higher their neuroticism score, the higher the potential subjective welfare cost of this gap. This is also an application of prospect theory.
Accordingly we assume that life satisfaction depends on realized income and other variables, but it also depends on the distance with aspirations and this distance is modulated by neuroticism.
where the term (a it − y it ) + is (a it − y it ) when the value within brackets is positive and it is 0 when a it < y it , while (a it − y it ) − is (a it − y it ) when a it < y it and 0 otherwise. We expect the term γ 1 to be negative while the terms γ 2,1 and γ 2,2 depend on the concavity of the function. If we consider a it as a reference point, prospect theory would predict that equation 4 is concave in the "gains", i.e. when a it < y it and convex in the "losses", i.e. when a it > y it . Accordingly, we should observe γ 2,1 < 0 and γ 2,2 > 0.
Personality traits also affect life satisfaction by shifting the intercept and interacting with income. The vector θ h,i includes neuroticism and extraversion, in addition to gender (variable Male). z hit includes time-changing personal characteristics.
We assume that aspirations are exogenous with respect to individuals' choices. Hence we assume that they are determined as it follows:
where θ ai is a vector containing time-independent personal characteristics (gender and the This model is consistent with the idea of "Keeping up with the Jones" (Duesenberry, 1949) if we consider that aspiration could be set to depend on the top incomes of some reference group. It is also consistent with habit formation ideas (Brickman and Campbell, 1971 ) since aspirations are updated with past income. The main problem in estimating the model described by equations 3, 4 and 5 is that the aspiration level, a it , is not observable. We therefore solve for a it in equation 5 and substitute it into equation 4, leading to a "semi-reduced" form that can be estimated.
Before we proceed with this strategy, we check the plausibility of this model by estimating the two equations 3 and 5 using a proxy for aspiration present in the SOEP dataset, provided by the answer to the question: Importance of Success In Job. 10 The results are presented in Next, we solve equation 3 for a it , and substitute it into 4 to obtain the equations below.
For
We estimate a single equation:
which implies that γ 2 is the sum of two different effects. For example, if the equation is concave when y it > uit+α2 1−β2 and convex when y it < uit+α2 1−β2 and if γ 2 < 0, then this suggests that the concavity of the function when aspirations are "over shooting" is stronger than its convexity when aspirations are "under shooting". Equation 8 can be rewritten as
where B, C, D, F and G are constants that depend on the parameters of the structural model that we present in Appendix B. Moreover, substituting equation 5 into equation 3, we have:
Estimation of the structural model
The results of the estimations of the system of equations 9 and 10 are presented in table 7. We note from the top of this table that in both datasets both the linear and quadratic interactions of income with neuroticism are significant with the sign we observed in the previous analysis.
The non-interacted relation between income and life satisfaction is insignificant, suggesting again that the entire relationship between income and life satisfaction is entirely mediated by neuroticism. Therefore, our structural model is able to explain the relationship observed in the previous analysis, and in particular why neuroticism is responsible for the convexity of the relationship between income and life satisfaction. 
The sign of the coefficient of N i y 2 it is negative. Therefore the sign of γ 2 is identified and negative.
We assumed that income aspirations, a it , induce (through effort, persistence, and confidence) a real level of income increasing in the aspiration level, but at a rate smaller than 1, so that 0 < β 2 < 1 and that α 2 > 0. Hence, γ 1 can be negative as expected. Moreover, 
Discussion
Our analysis shows that neuroticism affects not just the level of life satisfaction, but also modu- Why do we observe this strong effect? Neuroticism is linked to higher sensitivity to negative emotions like anger, hostility or depression (e.g. Clark and Watson, 2008) , and is associated with structural features of the brain systems associated with sensitivity to threat and punishment (DeYoung and Gray, 2010) and with low levels of serotonin in turn associated with aggression, poor impulse control, depression, and anxiety (Spoont,1992) . For this reason modern studies identify this personality trait with sensitivity to negative outcomes, threats and punishments (see DeYoung and Gray, 2010 for a recent survey). It is therefore reasonable to argue that people with higher neuroticism experience higher sensitivity to losses or failure to meet their expectations. Accordingly, we propose an explanation of why neuroticism decreases the elasticity between income and life satisfaction for high income levels and increases this elasticity for lower income levels. The explanation is based on the sensitivity to the gap between aspirations and realisations of income.
In a simple structural model, we take the aspiration determined by personality traits and income to be a monotonic function of aspiration, and assume that the responsiveness of life satisfaction to the gap between aspired and realized income is proportional to neuroticism.
Estimation of the model shows that the elasticity between income and life satisfaction increases with neuroticism for lower incomes and declines with neuroticism at higher incomes. Thus, aspirations are on average fulfilled for low income and on average un-fulfilled for high income.
We therefore estimate the elasticity of life satisfaction on income as a variable dependent on an individual's personality. Furthermore, we note that the result that the marginal satisfaction of individuals with higher neuroticism declines faster for high income levels provides a possible explanation of the finding that more neurotic individuals tend more often to choose life scenarios with a lower level of life satisfaction (Benjamin et al., 2011) . Neurotic and highly ambitious individuals, even when they prefer to be richer, expect that the cost of being rich is high for then. Hence, they may predict that this leads to less satisfaction.
In summary, our empirical test provides support for our theory based on the gap between aspirations and income, explaining our findings that life satisfaction declines faster at higher income when neuroticism is higher. This conclusion suggests a different interpretation of the well-established fact that life satisfaction increases slowly, or is completely flat at high levels of income (Kahneman and Deaton 2010) . This finding has so far been interpreted with the argument that marginal life satisfaction is decreasing, just like utility. Our results suggest a stronger reason: the flatness of happiness with income is the effect of opposite forces on life satisfaction: the usual positive effect and a negative effect induced by the gap between aspirations and realizations.
A possible area of further research relates to exploring the merit of alternative explanations.
A plausible alternative hypothesis, also consistent with the notion of neuroticism as sensitivity to negative rewards and punishment, is that higher income is also associated with higher variance of income. Higher income variance and the associated anticipated anxiety might reduce the level of life satisfaction in individuals with higher scores for neuroticism. According to this explanation, the effect of neuroticism is produced by anticipation of future fluctuations in income, rather than a comparison with past aspiration levels. This hypothesis is harder to test with the data we are using, although we see it as complementary to the one discussed here. 
B Estimating the Structural Model
We now determine the correct estimator for the model represented by equations 9 and 10. The error term of the latter, y it = β 2 v it + u it , poses no problem, given that both 2SLS and 3SLS are non-biased estimators when standard errors are cross-correlated between equations.
Considering equation 9, this can be rewritten as:
h it = α 1 + β 1 y it + δy USD.
